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TITLE OF THE INVENTION 

PEROXISOME PROIJFERATOR- ACTIVATED RECEPTOR 

BACKGROUND OF THE INVENTION 
5 The references cited throughout the present application are not 

admitted to be prior art to the claimed invention. 

Nuclear receptors act as ligand-inducible transcription factors that 
regulate target gene expression. Regulation of target gene expression is mediated by 
complexes involving the nuclear receptor, agonist or antagonist ligands, and one or 
10 more coregulators. Depending on the nuclear receptor, the receptor may be present in 
the complex as a monomer, homodimer, or heterodirrier. (Aranda et al., Physiological 
Reviews Si:1269-1304, 2001.) 

Different nuclear receptors respond to different ligands and regulate 
different genes. Examples of nuclear receptors include thyroid hormone receptor, 
15 retinoic acid receptor, vitamin D receptor, peroxisome proliferator-activated receptors, 
pregnane X receptor, constitutive androstane receptor, liver X receptor, farnesoid X 
receptor, reverse ErbA, retinoid Z receptor/retinoic acid-related orphan receptor, 
ubiquitous receptor, retinoid X receptor, chicken ovalbumin upstream promoter 
transcription factor, hepatocyte nuclear factor 4, tailles-related receptor, 
20 photoreceptor-specific nuclear receptor, testis receptor, glucocorticoid receptor, 

androgen receptor, progesterone receptor, estrogen receptor, estrogen-related receptor, 
NGF-induced clone B, steroidogenic factor 1, fushi tarazu factor 1, germ cell nuclear 
factor, and dosage-sensitive sex reversal. (Aranda et al., Physiological Reviews 
Si: 1269- 1304, 2001.) 

25 Nuclear receptors exhibi t a modular structure with different regions 

corresponding to autonomous functional domains that can be interchanged between 
related receptors. (Aranda et al, Physiological Reviews Si: 1269-1304, 2001.) A 
typical nuclear receptor comprises the following regions: (A/B) a variable amino 
terminal region containing the ligand independent AF-1 domain; (C) a conserved 

30 DNA binding domain; (D) a variable linker region; and (E) a ligand binding domain 
region containing the ligand-dependent AF-2 core transactivation domain. (Aranda et 
al., Physiological Reviews Si:1269-1304, 2001.) 

An important subfamily of nuclear receptors are peroxisome 
proliferator activated receptors (PPAR's). The PPAR subfamily of nuclear receptors 
35 includes PPARa, PPARy, and PPAR8 (also known as PPARp), and these receptors 
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function as heterodimers with the retinoid X receptor (RXR). Fatty acids and 
eicosanoids have been identified as naturally occurring PPAR ligands. (Berger et al, 
Annu. Rev. Med 53:409-435, 2002, Berger et al, Diabetes Technology & 
Therapeutics 4:163-174, 2002.) 
5 Agonist or partial-agonist binding to a PPAR induces stabilization of 

the structure as well as a change in conformation that creates a binding cleft resulting 
in recruitment of transcriptional coactivators. Examples of PPAR coactivators 
include CBP/p300, the steroid receptor coactivator (SRC-1), members of the 
DRIP/TRAP complex, PGC-1, RIP140, and ARA70. The active PPAR complex is . 
10 bound to a specific DNA response element mediating the rate of initiation of gene 
transcription. (Berger et al, Annu. Rev. Med. 53:409-435, 2002, Berger et al, 
Diabetes Technology & Therapeutics 4:163-174, 2002.) 

Different synthetic compounds modulating a PPAR activity have been 
identified. (See, e.g., Berger et al., Annu. Rev. Med. 53:409^35, 2002, Berger et al., 
15 Diabetes Technology & Therapeutics 4: 163-174, 2002, Acton et al. International 
Publication Number WO 02/08188, published January 31, 2002, Berger et al, 
International Publication Number WO 01/30343, published May 3, 2001, Cobb et al., 
International Publication Number WO 01/17944, published March 15, 2001.) 

Partial agonists (or antagonists), also known as "selective modulators" 
20 for PPAR's have been strongly implicated as having preferred biological properties 
(Berger et al, International Publication Number WO 0 1/30343, published May 3, 
2001, Moller, Nature 414:821-827, 2001, Berger et al, Annu. Rev. Med 53:409-435, 
2002). These may include the retention of selected responses which confer efficacy 
whereas selected responses that result in toxicity may be diminished. 

25 

SUMMARY OF THE INVENTION 

The present invention features mutated forms of PPAR ligand binding 
domain polypeptides that: (1) bind a partial PPAR agonist; and (2) is bound or 
activated by a full PPAR agonist to a lesser extent than the wild-type receptor. The 

30 mutated ligand binding domain contains an amino acid sequence wherein one or more 
interactions that preferentially (preferably solely) occurs between a full PPAR agonist 
and the AF-2 domain of a wild-type PPAR are modified. Preferably, the mutated 
ligand binding domain is selectively bound or activated by a partial PPAR agonist. 
Selective binding or activation by a partial PPAR agonist is in 

35 comparison to activation by a full PPAR agonist A full PPAR agonist is either a 
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potent natural ligand or has the same type of interactions with PPAR AF-2 domain 
amino acids as a potent natural ligand. In contrast, a partial agonist has a significantly 
diminished interaction with one or more amino acids that are important for full 
agonist binding or activation. 
5 A "partial PPAR agonist" can bind to a wild-type PPAR and cause 

detectable receptor activity, where the produced activity is less than the activity 
caused by a full ligand. Differences between partial and full agonist produced activity 
can be the type or degree of activity. 

Depending upon the extent of activation caused by a partial PPAR 

10 agonist, the partial agonist can be used as an agonist or an antagonist A partial 

agonist can be used in an antagonist manner, for example, by competing and diluting 
the effect of a naturally occurring agonist. 

The ability of a mutated PPAR ligand binding domain to selectively 
bind a partial agonist indicates: (1) a partial agonist can bind to the mutated ligand 

15 binding domain at a comparable or greater level than it binds to the wild-type protein; 
and (2) a full agonist binds to the mutated ligand binding domain to a lesser extent 
than to the wild-type protein at a given concentration, or binds to the wild-type 
protein to a comparable extent, but only at a higher concentration. 

The ability of a mutated PPAR ligand binding domain to be selectively 

20 activated by a partial agonist indicates: (1) a partial agonist can produce a comparable 
or greater response in a PPAR containing the mutated ligand binding domain than in 
the wild-type protein; and (2) a full agonist produces a lesser response in a PPAR 
containing the mutated ligand binding domain than in the wild-type protein at a given 
concentration, or produces a response comparable to that in the wild-type protein, but 

25 only at a higher concentration. 

Reference to a "mutated" PPAR ligand binding domain indicates a 
different amino acid sequence than a wild-type PPAR ligand domain. Reference to 
"mutated" does not indicate the manner in which the "mutated" domain was 
produced. A "mutated" PPAR ligand binding domain can be obtained by different 

30 methods including those involving introducing a mutation into a PPAR ligand binding 
domain encoding nucleotide sequence, step-wise chemical synthesis of a PPAR 
encoding nucleotide sequence to express a "mutated" ligand binding domain, and 
chemically synthesizing a particular PPAR ligand binding domain amino acid 
sequence. 



Thus, a first aspect of the present invention features a mutated PPAR 
ligand binding domain polypeptide. The polypeptide comprises the amino acid 
sequence of a mutated PPAR ligand binding domain, wherein the mutated PPAR 
ligand binding domain is: 
5 (a) bound by a partial PPAR agonist; and 

(b) bound or activated by a full PPAR agonist to a lesser extent than 
the wild-type receptor. 

Activation of a mutated PPAR ligand binding domain polypeptide can 
be, for example, a change in conformation that would allow recruitment or binding of 
10 coactivator proteins. 

Unless particular terms are mutually exclusive, reference to "or" 
indicates either or both possibilities. Thus, for example, reference to "bound or 
activated" includes bound, activated and both bound and activated. 

Another aspect of the present invention describes a mutated PPAR 
15 ligand binding domain polypeptide that is a ligand-activated transcription factor. The 
ligand-activated transcription factor comprises a mutated PPAR ligand binding 
domain and a transcription factor DNA binding domain. The ligand-activated 
transcription factor is bound to the DNA response element targeted by the DNA 
binding domain. 

20 A ligand-activated transcription factor may contain a mutated PPAR 

ligand binding domain from a particular PPAR subtype along with other PPAR 
regions from that subtype or may be a chimeric ligand-activated transcription factor. 
A chimeric ligand-activated transcription factor contains a mutated PPAR ligand 
binding domain from a particular subtype along with one or more regions from a 
25 different nuclear receptor. 

Another aspect of the present invention describes a method of making 
a mutated PPAR ligand binding domain polypeptide. The method involves mutating a 
PPAR ligand binding domain such that an amino acid present in a wild-type PPAR 
ligand binding domain that makes a direct interaction with a full agonist either makes 
30 no interaction, or a substantially different interaction, with the full agonist. If desired 
additional alterations can be made. 

Another aspect of the present invention describes a nucleic acid 
comprising a nucleotide sequence encoding a mutated PPAR ligand binding domain 
polypeptide. 
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Another aspect of the present invention describes a recombinant cell 
comprising nucleic acid containing a nucleotide sequence encoding a mutated PPAR 
ligand binding domain polypeptide, wherein the nucleic acid is expressed in the cell. 
Reference to "expressed" indicates the production of encoded polypeptide. 

5 Another aspect of the present invention describes a method of assaying 

for a partial PPAR agonist. The method involves measuring the ability of a test 
compound to bind or activate a mutated PPAR ligand binding domain polypeptide or 
a transcription factor containing a mutated PPAR ligand binding domain. Measuring 
can be performed qualitatively or quantitatively. 

10 other features and advantages of the present invention are apparent 

from the additional descriptions provided herein including the different examples. 
The provided examples illustrate different components and methodologies useful in 
practicing the present invention. The examples do not limit the claimed invention. 
Based on the present disclosure the skilled artisan can identify and employ other 

15 components and methodologies useful for practicing the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 provides the amino acid sequence of a wild type PPARa (SEQ 
ID NO: 1). Tyr464 is shown in bold. The ligand binding domain is from amino acid 
20 28 1 to 468. The DNA binding domain is from amino acid 102 to 166. 

Figure 2 provides the amino acid sequence of a wild type PPAR5 (SEQ 
ID NO: 2). Tyr437 is shown in bold. The ligand binding domain is from amino acid 
254 to 441. The DNA binding domain is from amino acid 74 to 138. 

Figure 3 provides the amino acid sequence of a wild type PPARy (SEQ 
25 ID NO: 3). Tyr473 is shown in bold. The ligand binding domain is from amino acid 
203 to 477. The DNA binding domain is from amino acid 81 to 145. 

Figure 4 illustrates Compound 1 and rosiglitazone-induced 
transactivation of a PPARy Tyr473Ala mutant in comparison with wild-type PPARy 
response. 

30 Figure 5 illustrates Compound 1 and rosiglitazone-induced 

transactivation of a PPARy Tyr473Phe mutant in comparison with wild-type PPARy 
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DETAILED DESCRIPTION OF THE INVENTION 

Polypeptides containing mutated PPAR ligand binding domains 
described herein can be used to facilitate identification and evaluation of partial 
agonists. Partial agonists have research and therapeutic applications. Research 
5 applications include using the partial agonist to study the biological effects of PPAR 
partial activation or antagonism and to identify important functional groups affecting 
the ability of a partial agonist to bind to or modulate a PPAR activity. 

Therapeutic applications include using those partial agonists having 
appropriate pharmacological properties such as efficacy and lack of unacceptable 
10 toxicity to achieve a beneficial effect in a patient. A partial agonist can be used to 
provide a beneficial effect of PPAR modulation {e.g., partial activation or 
antagonism), while producing less side effects than a full agonist. 

A "patient" refers to a mammal that can receive a beneficial effect by 
the administration of a PPAR partial agonist. A patient can be treated prophylactically 
15 or therapeutically. Examples of patients include human patients, and non-human 
patients such as farm animal, pets, and animals that can be used as model systems. 

Beneficial effects that can be achieved by modulating one or more 
PPARs include treatment of one or more of the following: atherosclerosis, 
dyslipidemia, inflammation, cancer, infertility, hypertension, obesity, and diabetes. 
20 (Berger et al„ Annu. Rev. Med. 53:409-435, 2002, Berger et al., Diabetes Technology 
& Therapeutics 4:163-174, 2002, Berger et al, International Publication Number WO 
01/30343, published May 3, 2001.) 

PPARv 

25 Using the PPARy ligand binding domain as a model it was found that 

alterations can be produced resulting in a mutated ligand binding domain that is 
selectively bound or activated by a partial agonist. The mutated ligand binding 
domains illustrated in the Examples infra have a Tyr473 Ala or Tyr473Phe 
substitution. 

30 The full agonist rosiglitazone hydrogen bonds with the PPARy Tyr473 

phenolic hydroxyl, while the partial agonist l-(p-chlorobenzyl)-5-chloro-3- 
phenylthiobenzyl-2-yl carboxylic acid (Compound 1) does not hydrogen bond with 
Tyr473. Replacement of Try473 with an amino acid that does not allow hydrogen 
bonding to rosiglitazone diminishes an interaction that occurs between rosiglitazone 

35 and the AF-2 domain. 
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Compound 1 and its use as a partial agonist is described by Berger et 
al, International publication WO 01/30343, published May 3, 2001. Compound 1 has 
the following structure: 
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PPARy ligand binding domain polypeptides in which Tyr473 was 
Wnd to partial agonist and to activate Ugand binding domain actrnty. Acfivauonofa 

lieand binding domain. . 

Amino acidsinvolvedin agonist and partial agomst bmdmg can be 
identified usingX-ray crystallography. PPARy Ugand binding domamX-rey 

Zmple^oltL,^., ^595:137-143. 1998 and Oberfield « A Proc. J*t 
Acad Sci CSA 96:6120-6106, 1999. ■ 

Amino acids other than Tyr473 can be mutated to dimimsh bmdmg of 
a full agonist to the PPARy AF-2 domain and maintain or facilitate partial agomst 

domain to be selectively activated or bound by a partial agonist can ■» * 
for example, measuring the ability of the polypeptide «o bind or be acuvated by a full 

^^^rlanaminoacidinaparficular.ocadonsuchasT^is 

; with respect to a reference amino .id sequence. Reference f' 
PPARo, PPR5, PPARy are provided by SEQ ID NOs: 1, 2 and 3 (F.gure 1-3). The 
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a^noacidnumberingforaparticularPPAR may differ dueto 

PPAR that occur in nature or are artificial produced. Naturally occurnng chfferences 

rnaybe,forexample,isoforrnsandpolymorphisms. 

The amino acid in a polypeptide corresponding to a referenced ammo 
5 acidcanreadUybeidentifl^^ 

sequence. The alignment should he performed to maximize the number of M 
!Lo acids in a region (e.g., 15 or 20 amino acids) containing the ammo aad m 

question. ^ embodime nts, the ligand binding domain is amutated 

10 humanPPARYUgandbinding^ 

473 is selected from a group consisting of : 

(a) alanine, valine, leucine, isoleucine, proline, tryptophan, 
phenylalanine, methionine, hisudine, asparagine, and glutamine; 

(b) alanine, valine, leucine, isoleucine, proline, tryptophan, 
15 phenylalanine, methionine; or 

(c) alanine or phenylalanine. CTjriTn 
In another embodiment, the ligand binding domain composes SEQ ID 

NO- 4 or a structurally similar sequence. SEQ ID NO: 4 is provided as f°U° ws: 




nT.NDOVTlXKYGVHEnYTMLASLMNKDGVLlSEUQU^Mii^r^^.^ 

TTTVTXTYr "V 



EKKDLY ,. , 

wherein X is selected from the group consisting of: alanine, vahne, leucine, 
rllne.pn.Une.t^an.phenyla.t.nine.rneWoni.o^^ 
gluttmine. in further err^^ents X is selected to the group c^stst^g of . 
alanine, valine, leucine, isoleucine, proline, tryptophan, phenylalanme, methtomne, 
and X is alanine or phenylalanine. 

PfABnandPPAl^ ^ sjmiiar ^ binding domains> 

where the AF-2domam contributes to the Kgand binding f^tet. ™e AF-2 domarnm 
Preceptors provides a ligand-dependent acdvation domain that parhcpates ,n the 
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generation of a coactivator binding pocket. (Berger etal, Annu. Rev. Med. 53:409- 
435, 2002.) ^ sim . larity between different PPAR ligand binding domains and the 
results obtained using a mutated PPARy ligand binding domain can be used to guide 
5 the design of polypeptides containing a mutated PPARa or PPAR8 ligand bindmg 
domain. The ability of a polypeptide containing a mutated ligand binding domain to 
be selectively activated or bound by a partial agonist can be evaluated by, for 
example, measuring the ability of the polypeptide to bind or be activated by a full 

agonist and partial agonist. 
10 X-raycrystallographydataforPPARaandPPARScanbegenerated 

using techniques well known in the art. X-ray crystallography data for the PPARa 
ligand binding domain and ligand binding is described by Lambert ^ ^..International 
Publication Number WO 02/064632, published August 22, 2002. X-ray 
crystallography data for the PPAR8 ligand binding domain and ligand bmdmg is 
15 described by Xu et aL. Molecular Cell 3:397-403, 1999. 

PPARa and PPAR5 contain tyrosine residues that function in an 
analogous manner to Tyr473 in PPARy. The analogous PPARa tyrosine is in position 
464 (Figure 1). The analogous PPAR8 tyrosine is in position 437 (Figure 2). 

Partial agonists for PPARa can be identified, for example, by screening 
20 for compounds that activate PPARa where Tyr464 is replaced with an amino acid 
such as alanine or phenylalanine. Such partial agonists, in addition to the other uses 
described herein, can be used to obtain or evaluate mutatedPPARa ligand bmdmg 

domain polypeptides and ligand-activated transcription factors. 

Similarly, partial agonists for PPAR6 can be identified, for example, 
25 by screening for compounds that activate PPAR8 where Tyr437 is replaced with an 
amino acid such as alanine or phenylalanine. Such partial agonists, in action to the 
other uses described herein, can be used to obtain or evaluate mutated PPARS ligand 
binding domain polypeptides and ligand-activated transcription factors. 

In different embodiments, the mutated ligand binding domain either is 
30 a mutated human PPARa ligand binding domain containing a mutation in a residue 
corresponding to tyrosine 464, or a mutated human PPARS ligand binding domain 
containing a mutation in a residue corresponding to tyrosine 437, wherein the 
mutation is an selected from the group consisting of: (a) alanine, valine, leucine, 
isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, asparagme and 
35 glutamine. In further embodiments, the mutation is either an amino acid selected 
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from the group consisting of alanine, valine, leucine, isoleucine, proline, tryptophan, 
phenylalanine, and methionine; or is alanine or phenylalanine. 

T .ipanri-Activ atftri Transcription Factor. 

5 A ligand-activated Ascription factor binds a partial agonist and can 

modulate gene expression upon partial agonist binding. Based on the 
interchangeability of different nuclear receptor regions, different types of transcnpnon 
factors can be produced containing a mutated PPAR ligand binding domain. 

Nuclear receptors exhibit a modular structure with different regions 

10 corresponding toautonomo^ 

related receptors. (Aranda etal., Physiolo 8 ical Reviews 67:1269-1304, 2001.) In 
different embodiments, a ligand-activated transcription factor is a chimenc receptor 
containingamutatedPPARUgandbindingdomainandoneormoreregionsfrom 

another nuclear receptor or other transcription factor (such as GAL4); or is a 

15 particular PPAR having a mutated ligand binding domain. 

A preferred chimeric receptor is one containing a mutated PPAR 

ligand binding domain and a DNA binding domain from a different nuclear receptor 
or other transcription factor (such as GAL4). The selection of a particular DNA 
binding domain is useful in designing a reporter system to measure receptor activity. 
20 Examples of DNA binding domains used in PPAR chimeric receptors are the yeast 
iTripuonfactorGa^ CUhman etal The Journal 

of Biological Chemistry 270:12953-12956, 1995, Schmidt etal, Molecular and 
CellularEndocrinology 155:5l-60A999,Bcr ge r etal., The Journal of Bwlogwal 
Chemistry 274:6718-6725, 1999.) 
25 ligand binding domain regions based on a PPAR can be designed 

stardngfromloiownPP^ 

include different isoforms and polymorphisms. References providing PPARa 
^Linf^^ 

SW1SS-PROT: Q07869). References providing PPARy sequence information include 

30 Hbrecht^,*^ 

SWISS-PROT: P37231). References providing PPAR5 sequence information include 
Schmidt* al., Mol. Endocrinol 6:1634-1641, 1993, (see also SWISS-PROT: 

Q03181). tA-tr^M 
X-ray crystallography data pointing out the importance of different 
35 PPAR amino acid residues to ligand binding and activity can be used to facilitate 
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„ a si<m References providing examples of X-ray crystallography data and 
polypeptide design. References provi g v publication 
n^odsofobtainingsuchd^^^^.^^ 

amino acid are well known in the art. (See, lor exampi , 



30 

acid alterations. 
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Percentidentity can be calculatedby determining the ««™» 
number of amino acid alterations to an amino acid sequence reqmred to «nve*a 

Lin. acid alterations can be any combination of additions, deletions, or 
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substitutions. The amino acid sequence compared to a reference sequence can be part 
of a larger sequence. 

Sequence similarity for polypeptides can also be determined by 
BLAST. (Altschul, et al, 1997. Nucleic Acids Res. 25, 3389-3402, hereby 
incorporated by reference herein.) In one embodiment sequence similarity is 
determined using tBLASTn search program with the following parameters: 
MATRK:BLOSUM62, PER RESIDUE GAP COST: 1 1, and Lambda ratio: 1. 

In different embodiments, the transcription factor contains a mutated 
ligand binding domain described herein for PPARd, PPAR5, or PPARy. In preferred 
embodiments, the transcription factor consists of the amino acid sequence of SEQ ED 
NO: 5 or SEQ ID NO: 6. SEQ ID NO: 5 contains a Tyr473Ala alteration, while SEQ 
ID NO: 6 contains aTyr473Phe alteration. SEQ ID NOs: 5 and 6 are as follows: 

SEQ ID NO: 5: 

MKLl^SIEQACDICRLKKLKCSKEKPKCAKCLKWJWECRYSPKTKRSPLTRA 
HLTEVESRLBRLEQLFLIJFPREDLDMII^ 

VTDRLASVETDMPLTI^QHRISATSSSEESSNKGQRQLTVSPGIRMSHNAIRFG 

RMPQ AEKEKLLAEIS SDED QLNPES ADLRAL AKHL YDS YIKSFPLTKAKARAIL 

TGKTTOKSPFVIYDMNSIMMGEDKIKFKHrre 

AVQEITEYAKSIPGFWLDLNDQVTIJLX 

QGFMTREFLKSLRKPFGDFMEPKFEFAVK^ 

IXNVKPffiDIQDNIXQAIJ2.QLKXN^ 

QVIKKTETDMSLHPLLQEIAKDLY 

SEQ ID NO: 6: 

MK1XSSIEQACDICRLKKXKCSKEKPKCAKCLI<M^WECRYSPKTKRSPLTRA 
l^TEVESRLERIJEQIJFLL^ 

VTDRLASVETDMPLTIJIQHRISATSSSEESSNKGQRQLTVSPGIRMSHNAIRFG 

RMPQAEKEKlXAEISSDIDQUSfPESADLRALAKHLYDSYIK 

TGKTTDKSPFVIYDMNSLMMGEDKIKPXHIT^ 

AVQEITEYAKSIPGFVNLI)LNDQVTIJlXYGVr^ 

QGFNnREFLKSLRKTFGDFMEPKFEFAVKF^ 

IJJWKPIEDIQDNLLQALEI^LKOWESSQLFAKIXQKM 

QVIKKTETDMSIJffLLQEIFKDLY 
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Polypeptide Production 

Polypeptides can be produced using standard techniques including 
those involving chemical synthesis and those involving biochemical synthesis. 
Techniques for chemical synthesis of polypeptides are well known in the art. (See 
e g Vincent, in Peptide and Protein Drug Delivery, New York, N.Y., Dekker, 1990.) 

Biochemical synthesis techniques for polypeptides are also well known 
in the art. Examples of techniques for introducing nucleic acid into a cell and 
expressing the nucleic acid to produce protein are provided in references such as 
Ausubel, Current Protocols in Molecular Biology, John Wiley, 1987-1998, and 
Sambrook, et al, in Molecular Cloning, A Laboratory Manual, 2* Edition, Cold 
Spring Harbor Laboratory Press, 1989. 

Starting with a particular amino acid sequence and the known 
degeneracy of the genetic code, a large number of different encoding nucleic acid 
sequences can be obtained. The degeneracy of the genetic code arises because almost 
15 all amino acids are encoded by different combinations of nucleotide triplets or 
"codons". Amino acids are encoded by codons as follows: 
A=Ala=Alanine: codons GCA, GCC, GCG, GCU 
C=Cys=Cysteine: codons UGC, UGU 
D=Asp=Aspartic acid: codons GAC, GAU 
20 E=Glu=Glutamic acid: codons GAA, GAG 
F=Phe=Phenylalanine: codons UUC, UUU 
G=Gly=Glycine: codons GGA, GGC, GGG, GGU 
H=His=Histidine: codons CAC, CAU 
I=ne=Isoleucine: codons AUA, AUC, AUU 
25 K=Lys=Lysine: codons AAA, AAG 

L=Leu=Leucine: codons UUA, UUG, CUA, CUC, CUG, CUU 
M=Met=Methionine: codon AUG 
N=Asn=Asparagine: codons A AC, AAU 
P=Pro=Proline: codons CCA, CCC, CCG, CCU 
30 Q=Gln=Glutamine: codons CAA, CAG 

R=Arg=Arginine: codons AGA, AGG, CGA, CGC, CGG, CGU 
S=Ser=Serine: codons AGC, AGU, UCA, UCC, UCG, UCU 
T=Thr=Threonine: codons ACA, ACC, ACG, ACU 
V=Val=Valine: codons GUA, GUC, GUG, GUU 
35 W=Trp=Tryptophan: codon UGG 



13 



-&'0*W;LTb!BI .012203 



10 



15 



Y==Tyr=Tyrosine: codon.UAC.UAU ■ . ^ ng domain can be 

— rsssrs=— — «- 

inahost gcnomeor outside of *e host genome _ 

expression vector. An express.on veetor is rec ascription 
20 not naturally associated with the polypeptide coding regi . ^ 

nromoter can be 

usef ul for expressing recombinant nucletc -dm P h a 

proreoterforapolvpepttdecon^ngamuuted £^ ^ 

«e Generally, the regulatory cicui terminator, and 

^^^^^^^ 

copy number. Examples of expressron vectors are clomng 

vectors, specifically designed plasmids and M to modifya 

Toenhanceexpressionmaparucmarhostrtmy 

35 US ageofdifferen«organismsare W elll C nown,nmear,.(See, A us 



^^M— ^.^WUey.^S.S^tSS Append* 

cell based systems, such as frog oocytes. mtxoducfcon o 
assays a I eperfora K dmingaieco m b.n^tceH. aoma . n 

vector and mutation of the host genome. 
20 PPA F Assays Formats p binding domain can 

1999); ffi . for cofactors using fluorescence 

1998); and ( Example Section 

3) Mi-^t^^^^^^^^ 1995, 

sfhmidt^.. -^- 0-W ^ 
77,, Journal of Biological Chemistry 274:6718-6725, 1999.) 
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Fu,! and partial agonists can be dilated, for example, by nmning 

UgandsthatexMbitthesameactivityorenhancedacUvatymthemutan 
wild-type can be classified as partial agonists. 

«mvided below further illustrating different features of 

™<ion The starring construct for mntagenesis was pcDNA3-hPPARy/ww> 

hPPARy ngand W^-S domain " nd a yeaS transcnpbon 
d ° main ' ocDNAS-hPPARV/GAWwasprepatedbyinserangn.eyeastGAW 

hun™PPARY««n— 

was achieved using techniques descnbed by Elbrecht eta. J. 
W22 ' 19 "' Su I dngw i thpcDNA3. W PARy/GAW,meTyr473re S idneofhn m an 

Mutagenesis Kit accordmg to the ****** oligoim cleotide 5 -. 
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The mutated constructs containing a PPARY ligand binding alteration 
in Tyr473 were designated pcDNA3-PPAR Y (473Ala)/GAIA, or 
PPARY(473Phe)/GAI4. The nucleic acid sequence encoding the GAL4/PPARY (4 to 
Ala) construct is provided by SEQ ID NO: 7. The nucleic acid sequence encoding the 
GAL4/PPARY (473 Phe) construct is provided by SEQ ID NO: 8. 

Pv a m p1e2: T~ ™^ivation Assay _ , _ 

Atransactivationassay was performed to evaluate mutated PPAR 
PPARY ligand binding domains. The transcription assay employed the transcription 
factors describedinExamplelandareporterplasmid. Expression of the reporter 
nlasmid is induced by transcription factor activation. 

The employed reporter plasmid for the GAL4 chimeric receptors 
( P UAS(5X)-tk-luc) contains five repeats of the GAL4 response element (UAS) 
ttieamofaminimal thymidine kinase promoter that is adjacent to the lucifem.e 
L V^etal.,J.BioLCHer, 274:6718-6725, 1999.) A control ve*or, pCMV- 
Lz, contains the CMV promoter adjacent to the galactosidase Z gene. (Berger 
j, Biol Chem. 274:6718-6725, 1999.) 

Rosiglitazone ((+/-)-5-(4-(2-(methyl-2- 
pyridinylannno)ethoxy)phenyl)methyl)-2,4-^ 

evaluated. Cell culture reagents were obtained from Gibco (Gai thersburg, MD) 
Unless otherwise noted, 

Louis, MO). ^ ^ ^ transactivation assays were performed 

using the expression vectors pcDNA3-PPAR Y /GAL4, pcDNA3- 
PPARY(473Ala)/GAL4, or pcDNA3-PPAR Y (473Phe)/GAL4 using techniques 
dlrib d by Berger et aL, J. Biol CHenu 274:6718-6725, 1999. Briefly cells were 
^nsfectedwithatranscription factor expression vector, pU AS (5X)-tlc-luc reporter 
vector and pCMV-lacZ as an internal control for transactivation efficiency using 
Upofectamine (Invitrogen, Carlsburg, CA). After a 48 hour exposure to compoun^ 
30 ceU lysates were produced, and luciferase and {i-galactosidase activity in cell extracts 
was determined. (Berger etal, J. Biol Chem. 274:6718-6725, 1999.) 

The PPARY full agonist rosiglitazone showed a dramatic diminution m 
potency in activating the PPARy Tyr473 Ala mutant in comparison with ^d-type 
PPARY (Figure 4). In contrast, the potency of Compound 1 in activating the PPARY 
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Tyr473Ala mutant remained essentially unchanged while its efficacy (maximal 
response) was augmented in comparison with wild-type PPARy (Figure 4) The 
potency of rosiglitazone in activating the PPARy Tyr473Phe mutant was also greatly 
reduced in comparison with wild-type PPARy (Figure 5). The potency of Compound 1 
in activating the PPARy Tyr473Phe was significantly augmented in comparison with 
wild-type PPARy (Figure 5). 

Other embodiments are within the following claims. While several 
embodiments have been shown and described, various modifications may be made 
without departing from the spirit and scope of the present invention. 
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WHAT IS CLAIMED IS: 

1 . A mutated peroxisome proliferator-acti vated receptor (PP AR) 
ligand binding domain polypeptide comprising the amino acid sequence of a mutated 
PPAR ligand binding domain, wherein said mutated PPAR ligand binding domain is 

(a) bound by a partial PPAR agonist; and 

(b) bound or activated by a full PPAR agonist to a lesser extent than 
the wild-type receptor. 

2. The mutated PPAR ligand binding domain polypeptide of claim 
1, wherein said mutated PPAR ligand binding domain selectively binds said partial ^ 
agonist. ' 

3. The mutated PPAR ligand binding domain polypeptide of claim 
1, wherein said mutated PPAR ligand binding domain polypeptide is selectively 
activated by said partial agonist. 

4. The mutated PPAR ligand binding domain polypeptide of claim 
1, wherein said mutated ligand bind domain is ether: 

a mutated human PPARa ligand binding domain, wherein a residue 

corresponding to tyrosine 464 is selected from the group consisting of: alanine, valine, 

leucine, isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, 

asparagine, and glutamine; 

a mutated human PPAR8 ligand binding domain, wherein a residue 

corresponding to tyrosine 437 is selected from the group consisting of: alanine, valine, 
leucine, isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, 
asparagine, and glutamine, or 

a mutated human PPARy ligand binding domain, wherein a residue 
corresponding to tyrosine 473 is selected from the group consisting of : alanine, valine, 
leucine, isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, 
asparagine, and glutamine. 



5. The mutated PPAR ligand binding domain polypeptide of claim 
1, where said polypeptide comprises the amino acid sequence of SEQ ID NO: 4: 





QLNPES ADIJ* ALAKHLYDS YIKSFPLTKAKAi^ 

MMGEDIOKFKHITPIjQEQSKE^^ 

DI^IDQVTIXKYGVHEirYTMI^SIA^NKDGVIJS^ 

FMEPKFEFA VK3^ ALEIi)DSDLAIFIAVIE^ AL 

ELQLJO^NHPESSQIJ^AKLJ^KMTDL^ 

EIXKDLY 

wherein X is selected from the group consisting of: alanine, valine, leucine, 
isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, asparagine, and 
glutamine. 

6. The mutated PPAR ligaiid binding domain polypeptide of claim 
5, wherein X is phenylalanine or alanine. 



PPAR ligand binding domain of claim 1 and a DNA binding domain. 

8. The ligand-activated transcription factor of claim 7, wherein 
said transcription factor can be selectively activated by partial agonist binding. 

9. The ligand-activated transcription factor of claim 8, wherein 
said mutated ligand bind domain is ether: 

a mutated human PPARa ligand binding domain, wherein a residue 
corresponding to tyrosine 464 is selected from the group consisting of: alanine, valine, 
leucine, isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, 
asparagine, and glutamine; 

a mutated human PPAR8 ligand binding domain, wherein a residue 
corresponding to tyrosine 437 is selected from the group consisting of: alanine, valine, 
leucine, isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, 
asparagine, and glutamine, or 

a mutated human PPARy ligand binding domain, wherein a residue 
corresponding to tyrosine 473 is selected from the group consisting of: alanine, valine, 
leucine, isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, 
asparagine, and glutamine. 



7. 



A ligand-activated transcription factor comprising the mutated 
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10. The ligand-activated transcription factor of claim 7, where said 
mutated ligand binding domain consists of the amino acid sequence of SEQ ID NO: 4: 
QLNPES ADLRALAKHLYDS YIKSFPLTKAKAR AILTGKTTDKSPFVIYDMNSL 
MMGEDKIKFKHITPLQEQSKEVAIRIFQGCQFRSVEAVQErrEYAKSIPGFVNL 
DIJvlDQVTlJ^YGVHEIIYTMLASlMNKDGVIJSEG 

FMEPKFEF A VKFNALJELDDSDL AIH A V1ILS GDRPGIX2WKPIEDIQDNIJLQ AL 
EI^UOJ^ESSQLFAIO^KMTD 
EIXKDLY 

wherein X is selected from the group consisting of: alanine, valine, leucine, 
isoleucine, proline, tryptophan, phenylalanine, methionine, histidine, asparagine, and 
glutamine. 

1 1 . The ligand-activated transcription factor of claim 10, wherein 
X is phenylalanine or alanine. 

12. The ligand-activated transcription factor of claim 1 1 , wherein 
said transcription factor is a chimeric receptor. 

13. The ligand-activated transcription factor of claim 12, wherein 
20 said transcription factor consists of the amino acid sequence of SEQ ID NO: 5 or SEQ 

ID NO: 6. 

14. A method of making a mutated PPAR ligand binding domain 
polypeptide comprising the step of mutating a PPAR ligand binding domain such that 

25 an amino acid present in a wild-type PPAR ligand binding domain that makes a direct 
interaction with a full agonist either makes no interaction, or a substantially different 
interaction, with said full agonist. 

15. The method of claim 14, wherein said mutating produces said 
30 mutated PPAR ligand binding domain polypeptide such that said mutated PPAR 

ligand binding is selectively bound or activated by a partial PPAR agonist. 

16. The method of claim 15, wherein said mutating comprises 
changing an amino acid that makes a direct interaction with a full agonist into an 
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amino acid that either makes no interaction, or a substantially different interaction, 
with said full agonist 

17. The method of claim 16, wherein said PPAR ligand binding 
domain that is mutated comprises SEQ ID NO: 3: 

QLNTESADLRALAKHLYDSYIKSFPLTKAKARAILTGKTTDKSPFVIYD^ 

MMGEDKIKFKHITP^ 
DLNDQVTIXKYGVHEIIYTM^ 

FMEPKFEF AVKFN Al^lX)DSDI^IFmVIILSGDRPGIXNVICPIEDIQDNlXQAL 
ELQLKLNHPES S QIJ 7 AKIXQKMTDLRQIVTEHTV QLLQ VIKKTETDMSLHPLLQ 
EIYKDLY. 

18. A nucleic acid comprising a nucleotide sequence encoding the 
polypeptide of any one of claims 1-6 or the transcription factor of any one claims 7- 
13. 

19. The nucleic acid of claim 18, wherein said nucleotide sequence 
is transcriptionally coupled to an exogenous promoter. 

20. The nucleic acid of claim 19, wherein said nucleic acid is an 
expression vector. 

21 . A recombinant cell comprising the nucleic acid of claim 20, 
wherein said nucleic acid is expressed in said cell. 

22. A method of assaying for a partial PPAR agonist comprising 
the step of measuring the ability of a test compound to bind to or activate the 
polypeptide of any one of claims 1-6 or the transcription factor of any one of claims 7- . 
13. 
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TITLE OF THE INVENTION 

PEROXISOME PROLIFERATOR- ACTIVATED RECEPTOR 

ABSTRACT OF THE DISCLOSURE 

The present invention features mutated forms of PPAR ligand binding 
domain polypeptides that: (1) bind a partial PPAR agonist; and (2) is bound or 
activated by a full PPAR agonist to a lesser extent than the wild-type receptor. The 
mutated ligand binding domain contains an amino acid sequence wherein one or more 
interactions that preferentially (preferably solely) occurs between a full PPAR agonist 
and the AF-2 domain of a wild-type PPAR are modified Preferably, the mutated 
ligand binding domain is selectively bound or activated by a partial PPAR agonist. 
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MVDTESPLCP LSPLEAGDLE SPLSEEFLQE MGNIQEISQS 



PGSDGSVITD 



130 
i 

GCKGFFRRTI 



TLSPASSPSS VTYPWPGSV DESPSGALNI 
140 150 160 

RLKLVYDKCD RSCKIQKKNR NKCQYCRFHK 
200 



190 
I 

KAKLKAEILT CEHDIEDSET ADLKSLAKRI YEAYLKNFNM 



250 
I 

IHDMETLCMA 

310 
I 

DLNDQVTLLK 

370 
I 

FAMKFNALEL 

430 
I 

FLFPKLLQKM 



260 

EKTLVAKLVA 
320 



270 280 
NG1QNKEAEV RIFHCCQCTS 
330 340 
LSSVMNKDGM LVAYGNGFIT 
400 



390 



YGVYEAI F AM 
380 

DDSDISLFVA AIICCGDRPG IJjNVGHI EKM 
440 

ADLRQLVTEH AQLVQIIKKT ESDAALHPLL 



50 


60 


1 

IGEDSSGSFG 


FTEYQYLGSC 


110 


120 


1 

ECRICGDKAS 


GYHYGVHACE 


170 


180 


i 

CLSVGMSHNA 


IRFGRMPRSE 


230 


240 


1 

NKVKARVILS 


GKASNNPPFV 


290 


300 


1 

VETVTELTEF 


AKAI PGFANIi 


350 


360 


1 

REFLKSLRKP 


FCDIMEPKFD 


410 


420 


1 

QEGrVHVLRL 


HLQSNHPDDI 


QEIYRDMY 
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MEQPQEEAPE VREEEEKEEV 

70 80 

I I 

GCDGASCGSL NMECRVCGDK 

140 



130 
I 



NRNKCQYCRF QKCLALGMSH NAIRFGRMPE AEKRKLVAGL 



190 
• I 



200 



HIYNAYLKNF NMTKKKARSI LTGKASHTAP FVIHDIETLW 



250 
I 



370 
I 



430 
I 

KKTETETSLH PLLQEIYKDM Y 



AEAEGAPELN GGPQHALPSS 

90 100 

I I 

ASGFHYGVHA CEGCKGFFRR 

160 



150 
I 



210 
I 



220 



270 
I 



ISVHVFYRCQ CTTVETVREL TEFAKSIPSF SSLFLNDQVT 



DGLLVANGSG FVTREFLRSL RKPFSDIIEP KFEFAVKFNA 



380 390 400 

I I 
RPGLMNVPRV EAIQDTILRA LEFHLQANHP DAQYLFPKLL 

440 



50 

SYTDLSRSSS 
110 

TIRMKLEYEK 
170 

TANEGSQYNP 
230 

QAEKGLVWKQ 
290 

LLKYGVHEAI 
350 

LELDDSDLAL 
410 

QKMADLRQLV 



PPSLLDQLQM 

120 
I 

CERSCKIQKK 

180 
I 

QVADLKAFSK 

240 
I 

LVNGLPPYKE 

300 
1 

FAMLASIVNK 

360 
I 

FIAAIILCGD 

420 
I 

TEHAQMMQRI 
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250 . 260 270 280 290 300 

TTDKSPFVIY DMNSLMMGED KIKFKHITp! QEQSKEVAIR IFQGCQFRSV EAVQEITEYA 

310 320 330 340 350 360 

KSIPGFVNLD LNDQVTLLKY GVHEIIYTML ASLMNKDGVL I S EGQGFMTR EFLKSLRKPF 

370 380 390 400 410 . 420 

GDFMEPKFEF AVKFNALELD DSDLAIFIAV IILSGDRPGL LNVKPIEDIQ DNLLQALiELQ 

430 440 450 460 470 
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SEQUENCE LISTING 



<110> Ralph T. Mosley 

Brian Michael McKeever 
Joel P. Berger 



<120> PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR 
<130> 21269PV 
<160> 12 " 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 468 
<212> PRT 
<213> Human 

<400> 1 

Met Val Asp Thr Glu Ser Pro Leu Cys Pro Leu Ser Pro Leu Glu Ala 

1 5 10 15 

Gly Asp Leu Glu Ser Pro Leu Ser Glu Glu Phe Leu Gin Glu Met Gly 

Asn lie Gin Glu He Ser Gin Ser He Gly Glu Asp Ser Ser Gly Ser 



Phe Gly 



Phe Thr Glu Tyr Gin Tyr Leu Gly Ser Cys Pro Gly Ser Asp 
55 60 
Gly Ser Val He Thr Asp Thr Leu Ser Pro Ala Ser Ser Pro Ser Ser 

Val Thr Tyr Pro Val Val Pro Gly Ser Val Asp Glu Ser Pro Ser Gly 

85 90 95 

Ala Leu Asn He Glu Cys Arg He Cys Gly Asp Lys Ala Ser Gly Tyr 

100 105 11° 

His Tyr Gly Val His Ala Cys Glu Gly Cys Lys Gly Phe Phe Arg Arg 

H5 120 125 

Thr He Arg Leu Lys Leu Val Tyr Asp Lys Cys Asp Arg Ser Cys Lys 
130 135 I 40 



„. Gin Lys Lys Asn Ar g Asn Lys Cys Gin ^ Cys Ar g Phe His Lys 



155 



Z « Ser Val Gly Met Sar His Asn Ala Xie « Phs Gly « Met 

Pro Ar g Ser Glu Lys Ma Lys Leu Lys Z Glu Xle La, Thr Cys Gin 
185 190 



Xle Glu Asp Ser Glu Thr Ala Asp Leu Lys Ser Leu Ala Lys 



His Asp 



Mg xle Z Glu Ala Tyr Leu Lys Asn Phe » Hat Asn Lys Val Lys 

215 22 ** 
„. V.1 Xle Lea Ser Gly Lys Ala Ser Asn - - Pro - Val 



200 



205 



225 



230 



235 



Thr.Leu Cys Wet Al& Giu Lysl Thr Leu Val -Ala 
250 255 
Lys L eu Val Ala Asn Gly He Gin Asn Lys Glu Ala Glu Val Ar 9 Xle 
260 2 ^ 
Cys Cys Gin Cys Thr Ser val Glu Thr Val Thr Glu Leu Thr 



Phe His 

275 

Glu Phe Ala Lys Ala 



280 285 



He Pro Gly Phe Ala Asn Leu Asp Leu Asn Asp 



295 300 
290 r x ,« nvr Glv Val Tyr Glu Ala He Phe Ala Met 

Gin Val Thr Leu Leu Lys Tyr Gly Vax y ^ 

310 

Z ser Ser Vel Met Asn Lys Asp Gly Mat Leu val Ala Tyr Gly Asn 

325 330 
Oly Phe Xle Thr Ar g Glu .he Leu Lys Ser Leu Ar g Lys Pro Phe Cys 

340 34 ^ 
M p ne Mat Glu Pro Lys Phe Asp Phe Ala Met Lys Phe Asn Ala Leu 

G lu Leu Z ASP Ser Asp Xle Z Leu Phe val Ala Ala xle xle Cys 
375 

Cra Z asp AT. Pro Gly Leu Leu Asn Val Gly His xle Glu Lys Met ^ 



390 



395 



Z Glu Gly Xla val His Val Leu Ar g Leu His Leu Gin ser Asn His 

405 410 
Pro asp Asp Xle Phe Leu Phe Pro Lys Leu Leu Gin Lys Met Ala asp 

420 425 
x.eu Ar g Gin Leu VaX Thr GXu His Ala Gin Leu Val Gin xla xla Lys 

115 «° 
*r Glu ser Asp Ala Ala Leu His Pro Leu Leu Gin Glu Xle Tyr 



Lys 



460 
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Arg Asp Met Tyr 
465 



<210> 2 
<211> 441 
<212> PRT 
<213> Human 



2V» Gin Pro Gin - Gin Al. Pro «- Arg Glu Glu Glu Gin 

5 10 

^ Olu Glu V.1 .la Glu Al. Glu Giy Al. Pro Glu — — ™ 

20 2 ^ 

« Gin Hi* Ala M» ■» « - « ^ - — ™ " 9 ~ 

40 

Ser ser Pro Pro Ser x*u Leu «P Gin Leu Gin Met Gly Cys » Gly 
55 60 
si Cys Gly Ser «. Asn -t Gin Cys Arg Vol Cys Gly ASP Lys 
70 

S. Ser Gly Phe His Tyr Gly V.1 His ,1a Cys Glu Gly Cys Lys Gly 



90 



Phe Phe Arg Arg 



Tnr lie Arg Met X.ys L« Glu Tyr Glu Lys Cys Glu 



105 



110 



„ ser cys ,ys Ho Gin Lys Ly. Asn Ar, - Ly, Cys Gin Tyr Cys 

« g Phe Gin Lys cys » Ala « Gly Met ser His Asn Ala lie Ar g 

Phe Gly Arg Met Pro Gin Z Gin Lys Arg Lys Leu V.1 Ala Gly Leu 

150 15 
* Ala Asn.Gln Gly Ser Gin Tyr Asn Pro Gin vol Ala Asp Leu Ly. 
165 170 

His lie Tyr Asn Ala Tyr Leu Lys Asn Phe Asn Met 

190 



Ala Phe Ser Lys 
180 



185 



Thr Lys 3 



W s Lys Al. Arg ser He Leu Thr Gly Lys Ala Ser His Thr 

-i nc 200 205 

Ma P„ L V.1 n. His Asp He Gin Thr Leu Trp Gin Ala Gin Lys 
Gly Z V.1 Trp Lys Gin Z v.1 Asn Gly Leu Pro Pro Tyr Lys Gin 



235 
225 



lie Ser Val His Val Phe Tyr Arg Cys Gin Cys Thr Thr Val Glu Thr 

245 250 255 

Val Arg Glu Leu Thr Glu Phe Ala Lys Ser He Pro Ser Phe Ser Ser 

260 265 270 

Leu Phe Leu Asn Asp Gin Val Thr Leu Leu Lys Tyr Gly Val His Glu 
275 280 285 



. He Phe Ala Met Leu Ala Ser He Val Asn Lys Asp Gly Leu Leu 
290 : 
Val Ala Asn Gly Ser Gly 1 



Ala " 

290 295 300 

Phe Val Thr Arg Glu Phe Leu Arg Ser Leu 
305 310 315 320 

Arg Lys Pro Phe Ser Asp He lie Glu Pro Lys Phe Glu Phe Ala Val 

325 330 335 

Lys Phe Asn Ala Leu Glu Leu Asp Asp Ser Asp Leu Ala Leu' Phe He 
340 

Ala Ala He He Leu Cys Gly Asp Arg Pro Gly Leu Met Asn Val Pro 

355 360 365 

Arg Val Glu Ala He Gin Asp Thr lie Leu Arg Ala Leu Glu Phe Has 



370 



375 380 



Leu Gin Ala Asn His Pro Asp Ala Gin Tyr Leu Phe Pro Lys Leu Leu 
385 390 395 400 

Ala Asp Leu Arg Gin Leu Val Thr Glu His Ala Gin Met 



Gin Lys Met i 



405 410 



415 



Met Gin Arg He Lys Lys Thr Glu Thr Glu Thr Ser Leu His Pro Leu 

420 425 430 

Leu Gin Glu He Tyr Lys Asp Met Tyr 
435 440 



<210> 3 
<211> 477 
<212> PRT 
<213> Human 



<400> 3 . 

Met Thr Met Val Asp Thr Glu Met Pro Phe Trp Pro Thr Asn Phe Gly 

! 5 10 15 

He Ser Ser Val Asp Leu Ser Val Met Glu Asp His Ser His Ser Phe 



20 25 



30 



Asp He Lys Pro Phe Thr Thr Val Asp Phe Ser Ser He Ser Thr Pro 
35 40 45 
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His Tyr Glu Asp lie Pro Phe Thr Arg Thr Asp Pro Val Val Ala Asp 

50 55 60 

Tyr Lys Tyr Asp Leu Lys Leu Gin Glu Tyr Gin Ser Ala He Lys Val 



65 70 



75 80 



. Pro Ala Ser Pro Pro Tyr Tyr Ser Glu Lys Thr Gin Leu Tyr Asn 
85 90 95 

Lys Pro His Glu Glu Pro Ser Asn Ser Leu Met Ala He Glu Cys Arg 

100 105 11° 

Val Cys Gly Asp Lys Ala Ser Gly Phe His Tyr Gly Val His Ala Cys 

115 120 I 25 

Glu Gly Cys Lys Gly Phe Phe Arg Arg Thr He Arg Leu Lys Leu He 

130 135 140 

Tyr Asp Arg Cys Asp. Leu Asn Cys Arg lie .His Lys Lys . Ser Arg Asn 
145 150 155 160 

Lys Cys Gin Tyr Cys Arg Phe Gin Lys Cys Leu Ala Val Gly Met Ser 

165 170 175 

His Asn Ala He Arg Phe Gly Arg Met Pro Gin Ala Glu Lys Glu Lys 

180 185 I 90 

Leu Leu Ala Glu He Ser Ser Asp He Asp Gin Leu Asn Pro Glu Ser 

195 200 205 

Ala Asp Leu Arg Ala Leu Ala Lys His Leu Tyr Asp Ser Tyr He Lys 

210 215 220 

Ser Phe Pro Leu Thr Lys Ala Lys Ala Arg Ala He Leu Thr Gly Lys 
225 230 235 240 

Thr Thr Asp Lys Ser Pro Phe Val He Tyr Asp Met Asn Ser Leu Met 

245 250 255 

Met Gly Glu Asp Lys He Lys Phe Lys His He Thr Pro Leu Gin Glu 

260 265 270 

Gin Ser Lys Glu Val Ala He Arg He Phe Gin Gly Cys Gin Phe Arg 

275 280 285 

Ser Val Glu Ala Val Gin Glu He Thr Glu Tyr Ala Lys Ser He Pro 

290 295 300 

Gly Phe Val Asn Leu Asp Leu Asn Asp Gin Val Thr Leu Leu Lys Tyr 
305 310 315 320 

Gly Val His Glu He He Tyr Thr Met Leu Ala Ser Leu Met Asn Lys 

325 330 335 

Asp Gly Val Leu He Ser Glu Gly Gin Gly Phe Met Thr Arg Glu Phe 

340 345 350 

Leu Lys Ser Leu Arg Lys Pro Phe Gly Asp Phe Met Glu Pro Lys Phe 
355 360 365 



Clu Phe Ala Val Lys Phe Asn Ala Leu Glu Leu Asp Asp Ser Asp Leu 



370 



375 380 



Ala lie Phe He Ala Val He lie Leu Ser Gly Asp Arg Pro Gly Leu 
385 390 400 

L eu Asn Val Lys Pro He Glu Asp He Gin Asp Asn Leu Leu Gin Ala 

Leu Glu Leu Gin Leu Lys Leu Asn His Pro Glu Ser Ser Gin Leu Phe 
420 425 «0 

• Aia Lys Leu Leu Gin Lys Met Thr Asp Leu Arg Gin He Val Thr Glu 
435 440 445 

His Val Gin Leu Leu Gin Val He Lys Lys Thr Glu Thr Asp Met Ser 
450 

Leu His Pro Leu Leu Gin Glu He Tyr Lys Asp Leu Tyr 



<210> 4 
<211> 275 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> mutated PPAR ligand binding domain 

<221> VARIANT 
<222> 271 

<223> XAA = alanine, valine, leucine, isoleucine, 

proline, tryptophan, phenylalanine, methionine, 
histidine, asparagine, or glutamine. 



G 4 ln°Leu Asn Pro Glu Ser Ala Asp Leu Arg Ala Leu Ala Lys His Leu 

1 ■ 5 1° 15 

Tyr Asp Ser Tyr He Lys Ser Phe Pro Leu Thr Lys Ala Lys Ala Arg 

20 25 3° 

Ala He Leu Thr Gly Lys Thr Thr Asp Lys Ser Pro Phe Val He Tyr 

35 40 45 

Asp Met Asn Ser Leu Met Met Gly Glu Asp Lys He Lys Phe Lys His 

50 55 60 

He Thr Pro Leu Gin Glu Gin Ser Lys Glu Val Ala He Arg He Phe 

65 



6 



Gin Gly Cys Gin Phe Arg Ser Val Glu Ala val Gin Glu He Thr Glu 

85 90 95 

Tyr Ala Lys Ser He Pro Gly Phe Val Asn Leu Asp Leu Asn Asp Gin 

100 105 110 

Val Thr Leu Leu Lys Tyr Gly Val His Glu He He Tyr Thr Met Leu 

115 120 125 

Ala Ser Leu Met Asn Lys Asp Gly Val Leu He Ser Glu Gly Gin Gly 

130 135 I* 0 

Phe Met Thr Arg Glu Phe Leu Lys Ser Leu Arg Lys Pro Phe Gly Asp 
145 150 155 160 

Phe Met Glu Pro Lys Phe Glu Phe Ala Val Lys Phe Asn Ala Leu Glu 

165 170 175 

Leu Asp Asp Ser Asp Leu Ala He- Phe lie Ala Val He He Leu Ser 

180 185 190 

Gly Asp Arg Pro Gly Leu Leu Asn Val Lys Pro He Glu Asp He Gin 

195 200 205 

Asp Asn Leu Leu Gin Ala Leu Glu Leu Gin Leu Lys Leu Asn His Pro 

210 215 220 

Glu Ser Ser Gin Leu Phe Ala Lys Leu Leu Gin Lys Met Thr Asp Leu 
225 230 235 240 

Arg Gin He Val Thr Glu His Val Gin Leu Leu Gin Val He Lys Lys 

245 250 255 

Thr Glu Thr Asp Met Ser Leu His Pro Leu Leu Gin Glu He Xaa Lys 
260 265 270 

Asp Leu Tyr 
275 



<210> 5 
<211> 454 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> transcription factor containing a mutated 
ligand binding domain 



<400> 5 

Met Lys Leu Leu Ser Ser He Glu Gin Ala Cys Asp He Cys Arg Leu 
15 10 3-5 



&QWI»6 * 0.3L"5i2'O3 



21269PV 

Lys Lys Leu Lys Cys Ser Lys Glu Lys Pro Lys Cys Ala Lys Cys Leu 

20 25 30 

Lys Asn Asn Trp Glu Cys Arg Tyr Ser Pro Lys Thr Lys Arg Ser Pro 

35 40 ^ 

Leu Thr Arg Ala His Leu Thr Glu Val Glu Ser Arg Leu Glu Arg Leu 

50 55 60 

Glu Gin Leu Phe Leu Leu He Phe Pro Arg Glu Asp Leu Asp Met He 
65 70 75 80 

Leu Lys Met Asp Ser Leu Gin Asp He Lys Ala Leu Leu Thr Gly Leu 

85 90 95 

Phe Val Gin Asp Asn Val Asn Lys Asp Ala. Val Thr Asp Arg Leu Ala 

100 I 05 110 

Ser Val Glu Thr Asp Met Pro Leu Thr Leu Arg Gin His 'Arg He Ser 

120 125 
Ala Thr Ser Ser Ser Glu Glu Ser Ser Asn Lys Gly Gin Arg Gin Leu 

■ 130 "5 140 

Thr Val Ser Pro Gly He Arg Met Ser His Asn Ala He Arg Phe Gly 



155 



160 



145 lbU 
Arg Met Pro Gin Ala Glu Lys Glu Lys Leu Leu Ala Glu He Ser Ser 

165 170 175 

Asp He Asp Gin Leu Asn Pro Glu Ser Ala Asp Leu Arg Ala Leu Ala 
180 185 190 

, His Leu Tyr Asp Ser Tyr He Lys Ser Phe Pro Leu Thr Lys Ala 



Lys 



195 



200 205 



Lys Ala Arg Ala He Leu Thr Gly Lys Thr Thr Asp Lys Ser Pro Phe 



210 



215 220 



Val He Tyr Asp Met Asn Ser Leu Met Met Gly Glu Asp Lys He Lys 



225 



230 



235 



240 



Phe Lys His He Thr Pro Leu Gin Glu Gin Ser Lys Glu Val Ala He 

245 250 255 

Arg He Phe Gin Gly Cys Gin Phe Arg Ser Val Glu Ala Val Gin Glu 



260 



265 



He Thr Glu Tyr Ala Lys Ser He Pro Gly Phe Val Asn Leu Asp Leu 



275 ™" 285 



280 



Asn Asp Gin Val Thr Leu Leu Lys Tyr Gly Val His Glu He He Tyr 



295 



300 



Thr Met Leu Ala Ser Leu Met Asn Lys Asp Gly Val Leu He Ser Glu 
305 310 315 320 

Gly Gin Gly Phe Met Thr Arg Glu Phe Leu Lys Ser Leu Arg Lys Pro 



21269PV 

Pt e «, «, ». - «- « *° - «» - to ^ * ^ *" 

Ma M «. r: w « ~ - - - - - ~ " a vai Ile 

n. _ s« «, - «. » " - - - ^ 

375 

370 Pln R ia Leu Glu Leu Gin Leu Lys Leu 

Asp He Gin Asp Asn Leu Leu Gin Ala Leu G ^ 

390 

385 >i a lvs Leu Leu Gin Lys Met 

Asn His Pro Glu Ser Ser Gin Leu Phe Ala Lys 

Thr Asp ,eu Arg Gin Xle Val . «n His Val Gin Leu Leu Gin Val 

• Ile Lys Lys Z «*. - - - - - - * * " U " " 

435 440 
He Ala Lys Asp Leu Tyr 
450 



<210> 6 
<211> 454 
<212> PRT 

<213> Artificial Sequence 

:"r> transcription facto, contain^ »»« »» 
ligand binding domain 

r i:, - - ~ « - - - t; «• - iie ^ r* 9 Leu 
4 « 4 « «. - - » - - ua r cys ^ 
ws „ Mn n «» t » «. - - «• - ~ 
MU Thr « - «. « - 1 «. ~ r - - - - 
Glu i « - « « - - « « - - - - Met :r 

L lys Met » S« 1 - - - -ve -a ,eu «, «, - 



9 
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Phe v.! «i -P « VaX *s» UT- «P - V- * - « ^ 

ser VsX «. * - Me, « - » - ^ «» £ " e 
im I 20 
Thr ser Ser sex 1. «» Se r Ser *s„ ^ *r - « «- « 



Ala ' 



135 



fc VsX Se, Pro XXe « g Me, Ser His » U. XX. « - £ 



£ *Xs - - «» W e « ^ -a Oiu XXe ser Ser 

„ Ile « - » - - - ~ - - ms M " Ma 

Lys His ~ £ - - - - W s Ser tt» Pro - W s & Xs • 

ws ^ «U - - ^ - ^ * £ ^ " 
val Us ^ *SP Me, M n sU - Me, Me, GX y CX„ >SP XXe £ 
230 

£ W s His XXe T *r Pro - - «u - - CX» VsX *Xs XXe 
« XXe - G X„ Z Cvs CXn P„e = Ser VsX OXu U. VsX OXs GXo 

Ile Tta G1 u z - - - ~ - - - r»; Mo Mp ~ u 

M o MP Z VSX * « - Z * ^ VSX His: OXS XXe XXe ^ 

^ r, - AXe Ser Z « * ^ VsX « XXe Ser OX» 
310 

X OXn OXV P»« Me, « ~ 3 - P>e ,eu te s Ser U, - £ « 
Ph e 6ly « - Z OXU Pro UT- - - P*e W s VSX £ Pse *sn 
Ma L o» SXs Z ~ - - £ £ AX* XXS P„e XXe - VsX XXe 

Ile L es Ser SX y M p »» P,o Z - ~ - »" "° °» 
375 



380 



MP Txe SXS *sp » - « SX„ « - CX» ,e„ W s « 



385 



390 

His Pro Oiu se, Ser OX„ ,eu P,e U a W s ,eu ^ «X» ,VS Me, 



405 



410 



„ ^ Axg cm n. VaX «» Hi. Val <nn L eu ,eu Cl„ vai 

Ila „ £ * «» - MP « « - HI. « - - - ~ 

He Phe Lys Asp Leu Tyr 
450 



<210> 7 
<211> 1365 
<212> DNA 

<213> Artificial Sequence 



T 2 r> nucleic acid seance ending <*« 



Ala) 



<400> 7 >™- f «ttt gccgacttaa aa.gctc.ag 60 

.tgaagctac tgtcttctat cga.ca.gca ««» t " tt ^ ctggga gtgt cgct.c 120 
tgctccaaag aaaaaccga. gtgcgcc.g tgtctgaaga gg 18 „ 

tctcccaaaa ccaaaaggtc tccgctgact gagaagacc t tgacatgatt 2,0 

ctagaa.gac tggaacagct atttctactg ga gga t tatt tgt.ca.gat 300 

ttg....tgg attctttac. gg.t.t.a.a g-W *- catgcct cta 360 

aatgtgaata aagatgccgt cacagataga tt»*t=» «gagac » ^ 
acattgagac aagtgcgaca tea™ ^» caggtttggg 480 

caaagacagt tg.ctgt.tc gccgggg.tc ^t=t= 9 tatog acc.g 640 

cgg.tgccac aggecgagaa ggagaagctg tOTWP» otcatacata 600 

ctgaatccag .gtccgctga cctccgggcc ctggcaaaac gacaaca g.c 660 

aagt ccttcc cgctgaccaa ageaaaggeg ~t=t tgacagg ^ 
^tcaccat tegttatct. tgac.tgaat tcctt.atg. ™*J catcttt cag 780 
ttcaaacac. tccccccct gcaggagcag agcaaagagg tggecate g ^ 
ggctgccgt ttcgctccgt gg.ggctgtg caggagatc -g»g ^ ^ 
cctggttttg taaatcttga cttgaacgac c..gt..ctc " catat ccg.g 960 

gagatcattt acacaatget ggcctccttg atgaataaag ^ m0 
ggecaagget tcatgacaag gg.gtttct. aagagcctgc gaaagee ^g ^ ^ 

atggagccca agtttgagtt tgctgtgaag g « c aggttt gctgaatgtg 1140 

tt ggcaat.t tt.ttgctgt c.ttattctc .gtggagacc * * gctgaagctg 1200 
aag cccattg aagacattca .g.c..cctg agaaaa tgac agaccte.g. 1260 

aaccaccctg agtcctcaca gctgtttgcc »° gacagac .tg 1320 

c.g.ttgtc. eggaacegt gcagctactg caggtg.tc, agaagaegg 
agtcttcacc cgctcctgca ggagatcgee aaggacttgt acta. 



11 



,012iS'03 
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<210> 8 
<211> 1365 
<212> DNA 

<213> Artificial Sequence 



Zl nucleic ac« .agaenc. encode »M/»»0 



Phe) 



<400> 8 -^rratattt gccgacttaa aaagctcaag 60 

atg a. g ctac t gt =«cta t cgaacaagca , m 

tgctccaaag aaaaaccgaa gtgcgccaag « tcC - 9 * * toacagaagt gg aatcaa gg ISO 
tct ccc.aaa c=aaaa g g t = tccgctgac* agggcacatc «aca g . ^ ^ ^ 

ctagaaagac tggaacagct .ettcttctt ^ gga L« tgtacaag.t 300 

ctg a.aa t gg at t =« t aca ggatataaaa g =at tg «» c gg ^ 
aacgtgaata aag.tg=cg t cacag.taga "«°«^ aagagagtag taa c,aaggt 420 
acattgagac agcatagaat aagtgcgaca «.-«cgg a^ » ^ 
eaaagao.g* tgactgtatc gccggggatc tctcoagtga „tc g ac=.g 540 

cggatgccac .g 9 ccga g aa g gaga.g=tg a«tg t atga ctcacacata 600 

ctgaatcaag agtacgctga cccccgggcc ^aaa- **J^ gacaacagac 660 
aagt c=«=c cgctgaccaa agcaaaggcg tgggag a.,a taaaatcaag 720 

aa atcac=.t tcgttacct. tgacatgaat tcc««tga ggg ^ 
ttcaaacac. tcac=cccc t gcaggagcag ««»"™ ' agagtatgc eaaaagc.tt 840 
gg =t g ccag t «c g «=cg t ggaggctgtg caggagatca cagag ^ 
cc«g«ttg taaatattga cttgaacgac o-**-"" atggggetct ca t at==gag 960 
g a g a C c. t « a=»caa t gc t ggc™ a^aataaag ^ 
gg =caaggct tcatgacaag "I«tg=ac tggaattag. tgacagcgac 1000 

a tg g.g===a aatttgagtt tg =tg t ga»g «=»« C gcocaggttt gctgaatgW H40 
ct gg=aatat ******* =a«a«o« ° ^ ctg 1200 

aagcccattg aagacattea agacaacctg agaaaatgao a g a=ct=aga 1260 

aaccaccctg agccctcaca g<=tgt«gc= aag=tg=t== agaaa g „„ 
eagattgtc. cggaacac gt gca^tactg caggtgatca . g „fl. 
agtc«=ac= ogctcctgca g ga,atc«o aaggacttgt a=ta g 



<210> 9 
<211> 34 
<212> DNA 

<213> Artificial Sequence 



<220> 



12 



.012203 
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<223> oligonucleotide primer 
<400> 9 

gctcctgcag gagatcgcca aggacttgta ctag 

<210> 10 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> oligonucleotide primer 
<400> 10 

ctagtacaag tccttggcga tctcctgcag gage 

<210> 11 
<211> 34 
<212> UNA 

<213> Artificial Sequence 
<220> 

<223> oligonucleotide primer 
<400> 11 

gctcctgcag gagatcttca aggacttgta ctag 

<210> 12 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> oligonucleotide primer 
<400> 12 

ctagtacaag tccttgaaga tctcctgcag gage 



13 
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